
NATIWLAOViSORy”OOHHITTEE “

!
H)RAEROtiAUTICS ~ .- -

/ MAILEO, l_lJJ~(-J?930

.

.—

No. 350

—

NZTHODS FOR THE Ii)IXiTIJ?ICATIOI?.Oi?AIRCRAFT TUBIX(+Ol?

by ‘#.H. Mutchler anclR. V. 13mzard
Bureau of Standards .....

To be rihw.t ?:~
the filmofthoLvw-:q
Memorial Awmutical

labwstwy



&

, N.A.C.A. Technical Note No. 350

I.

II.

III.

IV.

VI.
,

VII.

, VIII.

Introduction

Material . .

TAELE OF CONTENTS

. ..*. . . . . . ,,, . . . .

. . . . . . . .

Hardness tests as a means of

1. Herbert pendulum . . . .

ldagnetictests . . . , . . .

. . . . . . ...*

identification . . .

● ☛✎✎✌✌ ✎ ✎✎☛✎

. . . . . . . . . .

Spark tests .,...... . . . . . . . ..O.

Chemical tests . . . . . . . . .’. . . . . . . .

summary . . . . . . . . . . .*ooo, me6a

Bibliography . . . . . . . . . . . . . . . . . .

i

Page

1

3

5

5

9

13

22

23

25

.



NATIONAL AWISORY COMMITTE3

TECHNICAL NOTE NO.
-—

FOR AERONAUTICS.

350.

lMETHODSFOR THE IDENTIFICATION OF AIRCRAFT TUBING OF

PLAIN CARBON STEEL AND CHROMIUld-MOLY13DENUh[STEEL.

By W. H. Mutchler* and R. W. Buzzard*.

I. Introduction

The increasing use of chrom$um-molybdenum steel in the

aircraft industry has resulted in the need for a simple method

—

by means of which it may be accurately

ated from plain carbon steel. A study

which had for its aim a general survey

a variety of such methods, rather than

smd rapidly differenti.

was accordingly made

of the possibilities of

the development and per-

fection of any specific method. This survey was made by the

authors at the Bireau of Standards and the results obtained

form the basis of the present paper.

Chromium-molybdefiumsteel, S.A.E. No. 4130X, and plain

carbon steel, S.A.E. No. 1025, are perhaps the two steels most

extensively employed in the manufacture of present-day aircraft,

Both steels are used principally

for the construction of airplane

assembling is ordinarily done by

in the form of seamless tubing -—

fuselages. Inasmuch as the

welding, the strength of the

tubing in the normalized condition serves as a criterion in de-

sign factors. The following physicol properties of the two
*Junior metallurgist, E$ureauof Standards.
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steels, ‘in the normalized condition, have been given by Knerr

(Reference 1):

Steel S.A.E. Steel S.A.E.
1025 4130X

Yield point (min.) lb./in.2 – 36,000 60,000

Tensile strength lb./in.~ 55,000 95,000 , .:

Elongation in 21’,per cent 22 I 12

It is evident that there is a consideia”~ledifference in

the tensile properties of the two steels and th”at,if steel

S.A.E. 1025 were to be used in aircraft construction where the
.

design called for steel S.A.E. 4130X, the consequences might

prove disastrous. It is imperative, therefore, that this should

not occur, for a single tube so misplaced might give rise to

considerable damage. No danger is to be expected, of couse,

if chromium-molybdenum steel were unknowingly substituted in

place of plain carbon steel.

Opportunities for unintentionally mixing the “twosteels axe

not infrequent. Tubing of both kinds of steel are ordinarily

produced in the same mill, often at the same time. Despite the

greatest caze it is virtually impossible to prevent an occasion–

al mixup under

tion, handling

further mixups.

conditions of msmufacture. Subsequent transporta-

and storage by the aircraft builder may result in
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It is evident that a rapid, accurate, and nondestructive

method for differentiating plain c~bon &d chromium–molybdenum

steel is needed by the aircraft industry. A means of differen–

tiation which would permit the test to be carried out upon the

completed aircraft would be highly desirable, for given such a

method, a final inspection would definitely determine whether

or not the proper steel had been used as called for in the speci-

fications. The methods surveyed in the present investigation

included hardness, magnetic, spin-k,and chemicsl tests.

. 11. Material

The material.used in the investigation was obtained from

two sources, which will be designated throughout this report as

11A!!and “B,” respectively. All the material was in the form of

seamless steel tubing.

Material llA1lconsisted of tubing 1-3/4 inches, 1 inch, and

&-.inchin dimeter, each size being f-~rnishedin 20, 16, ~d 11

(B.W.G.) .gaugematerial. Specimens of koth chroaium-molybdenum ‘-

steel, S.A.E. 4130X, and plain carbon steel, S.A.E. 1025, were

supplied in each size. Half of each kind of steel tubing was

stated to be in the normalized condition; the remainder was in

the cold-drawn condition.

Uaterial “5” consisted of a miscellaneous assortment, with

regard to dimensions and gauge, of both @teels S.A.E. 1025 and
—
--

.
S.A.Z. 4130X. Information as to whether they were in the normil-

.



N.A.C.A. Technical Note No. 350
.—

4
.

ized or cold-drawn condition was not furnished. The materials

on hand for investigation are listed in Table I.

TABLE I

Grades and Sizes of Steel Tubir

Kind of steel

Chroi’nium-
molybdenum
S.A.E. 4130X

Plain carbon,
S.A.E. 1025

Source

A;B
II

A&B
B
A

.A&B

A&B
11
A

A:B
1!

A
A&9
A

A
A
A

Wall
thick–
ness
gauge
20
16
11

20
1?
16
11

20
16
11

20
16
11

20
16
11

20
16
11

— . .

Diam-
eter
im.

1-3/4
II
II

1
1
1
1

1/2
II

II

l-3/4
II
II

1

:

1/2
II

II

—.

Available for Study
Numbc

l{or-
malized

1
1
1

1

:

1
1
1

1
1
1

1
1
1

1
1
1

of tuk

7

Cold-
drawn

1
1
1

1

;
1

1
1
1

1
1
1

1
1
1

1
1
1

2s
Unknown

i
1

1
1

1

1
1

1
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III. Hardness Tests as a Mesns of Identification

The physical properties of the two rnaterislsare dependent

to a large extent upon their heat treatment. Therefore, unless

the heat treatment were known definitely, hardness determina-

tions would prove practically useless. The cormonly employed

methods of determining hardness, such as the Brinell, Rockwell,

Vickers, Herbert (pendulum), and Shore (scleroscope) may also

be regarded as somewhat unsatisfactory in that they can scaccely

be applied upon the finished aircraft. The Brinell and sclero-

scope hardness tests, for example, are eliminated in any event

as being inapplicable to thin tubing..

The use of hardness testing methods is practically limited

to the tube manufacturers mill, where first-hand information

regarding the heat treatment of the materials is available.

King and Knerr (Reference 1) have designed an apparatus for use

in conjunction with the Rockwell Hardness Test, which has been

in successful operation for more than a year in one manufactur-

er~s tube mills for the differentiation of steels S.A.E. 1025

and S.A.E. 4130X, both in the normalized condition.

1. Herbert Pendulum Method

.

Aside from the Rockwell hardness testing nethod, the deter–

mination of hardness by the Herbert pendulum method appeared to

e offer the most promise among the various methods to determine

.



4

, l?.A.C.A. Technical Note I?o.350 6

hardne~s as a possible means of differentiating between the two

kinds of steel when in the form of se”aml.esstubing. This inethod

was therefore studied to determine the feasibility of its use

for this purpose.

The apparatus, or pendulum, consists essentially of a weight

of 4 kilograms which cm be ba.1.~ncedon a steel ball 1 millime-

ter in diameter and constitutes a compound pendulum 0.1 milli-

meter in length. When the pendulum is placed on a metal.speci-

men and oscillated through a small arc, the “time hardness” num- —

her, that is, the number of seconds required for ten swings, is —

determined by means of a stop watch.

A number of ‘ftimehardnesslldeterminations

each specimen of tubing which had been received

IIA[!and IIE.1! The tests were first conducted on

were made on

from sources

material in the

“as received” condition, no effort being made to clean the sur-

faces of the tubes.from scale. It wa,sfound that the values

obtained failed entirely to differentiate between the two t~ypes

of steel. On normalized material, in particular, it was noted

that values of the order of 16.0 to 22.1 were obtained on por-

tions of the metal comparatively free from scale, whereas val-

ues ranging from 35 to 45 were obtained on the scaled material.

The values obtained on cold-drawn tubes, although spread over a

smaller range than those obtained on the normalized tubes, were

of about the same magnitude for plain carbon as for chromium-

molybdenum tubes. “Time hardness’lnumbers of the plain csxbon
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steel in the cold-drawn condition ranged from 18.8 to 28.2.

The values ranged from 16.0 to 30.0 on chromium-molybdenum cold-

dra.wntubes. Table II, in which only the average values are re-

ported, makes clear the failure of the pendulum IItimehardness[l
—

numbers to distinguish between the two types of steel in the

!!asreceived~rcondition.
.

TABLE II

Averagelltirnehardnessllnumber of plain cmbon (s.A.E.

and chromium-molybdenum (S;A.E. 4130X) steel as determined

1025)

by the

Herbert pendulum method on tubing in the !tasreceivedl’condition.
-.

——

Gauge

11

16

17

20

——

Diameter

in.

1/2

:-3/4

l/2

L3/4

1

1/2
1
1-3/4

fiorualized

‘1025——
sec.

22.1
22.9
29.7

23.7
18.6
33.3

23.3
20.8
22.0

4130X
sec.

22:8
28.9
22.4

29.5
30.0
28.7

27.6
26.0
35.0

Cold-drawn

1025
sec.

24.7
21.4
22.0

25.4
21,6
24.4

26,9
24.5
22.9

4130X
sec.

27.4
21,7
22.5

25.7
25.4
21.3

27.5
2i.9
26.3

Condition
unk—- —

1025
sac.

2; .0

2;.3

.Ovm
4130X
secb

25.7 .-

23.2

2;.7

25.(3

27.1
27.3

Inasmuch as the Herbert method presumably gives a measure-

ment of sucrfacehardness, it was tho~-ht advisable to remove the

scale thoroughly from the specimens and redetermine the hardness.

The “time hardnessflnumbers obtained on a series of l-inch dism-
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eter tubes which had been cleaned free froinscale, me given in

Table 111.

It will be noted that for material.in the cold-drawn condi-

tion the

and from

values ranged from 19.8 to 24.1 for plain caxbon tubing

21.0 to 27.2 for chromium-molybdenum tubing, the two

ranges overlapping to such a degree as

entiation impossible. Material in the

ever, gave values which ranged from 16.

to mslcepositive differ.-

normalized condition, how-

0 to 20.5 for steel $.A.E. _

1025 and from 21.9 to 28.8 for steel S.A.E. 4130X.

TABLE III

Ranges of “time hardness” numbers of 1 inch diameter plain

carbon (S.A.E. No. 1025) and chromium-molybdenum(S.A.E.No. 4130X)

steel as determined by the Herbert pendulum method on tubing

freed from surface scale.

Gauge

11

16

20

Normalized
1025 \ 4130X

sec. / sec.

17.4- 21.9-
i9.2 23.6

16.0- 27.8-
17.6 28,8

19.7- 26.4-
20:5 28.2

Cold–drawn
1025
sec.

19.8-
21.4

21*4-
. 23.3

23.2-
24.1

4130X

sec.

21.4-
23.1

26.0-
27.2

21.0-
22.6

Condition unknown
1025
sec.

4130X
sec.

24.1-
28.8

24.3-
26.5

28,7-
30;4



N.A.C.A. Technical Note No. 350” 9

It may be concluded, on the basis of these tests, that nor-

malized, scale-free material might be identified very roughly by

assuming the tubing to be steel S,A.E. 102’5if values less than

20.0 were always obtained, and as steel S,A.E, 4130X if values -.

exceeding 22.0 were always obtained. The difference between
—.

these ranges for the two kinds of steel would seem to be much too

small, however, to permit this method being used as a means of

positive identification. Moreover, unless the heat treatment

were definitely known, the Herbert pendulum method would prove

entirely inadequate for purposes of differentiation. While it

has some possibilities as a factory method, where the condition

of the material might be known, it would prove impractical as a

rapid test in the field.

IV. Magnetic Tests

Magnetic methods for the differentiation of the steel tub-

ing under consideration appeared promising in view of the fact

that they would be in no way destructive. me separation of

mixed lots of steel by methods based.upon their different magnet-

ic properties has been practiced in the industry for several

years? Owing to the many variables which come into play when

magnetic methods are employ~d, it is usually necessary to devise

a specific method of procedure for the positive differentiation

of any given two types of steel. The procedue here reported
*

upon, for the separation of steel S,A.11.1025 and s.A~EQ 4130x

.
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in the form of tubing, was developed during the present investi–

gation by R. L. Sanford.*

Several factors had to be considered in the choice of a

method for this particular separation. Inasmuch as the tubing

ordinarily comes in various lengths, diameters, and gauges, the

selection of a method was limited to one in which these factors

do not play an important part.

A method based upon the comp~ison of the values of coer- . ;

cive force seemed to offer the most promise in the present case

since the coercive force is independent of the cross–sectional

area of the specimen. The coercive force may be defined as the

reversed magnetizing force required to reduce the residusl in-

duction of a previously magnetized specimen to zero. This meth–

od was therefore chosen as the basis for experimentation.

Preliminary tests were first made in which the coercive

force of each tube from the two sources VW.Sdetermined in an ap–

paratus consisting of a straight solenoid in which

a short test coil. The test coil was connected in

and opposed

primary was

The primary

a reversing

to, the secondary of a variable mutusl

‘wasmounted

a series with,

inductor whose

connected in series with the magnetizing solenoid. —

circuit was connected with a storage battery through

switch end control rheostats! the current being read

by a variable range ammeter. The test coil system was connected

through the usual adjustable resistance and a“key to a ballistic

galvanometers.—.
*Senior physicist, Bureau of Standards.

—

.
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When the mutual inductor was properly adjusted, there was

no residual deflection of the galvanoineteron reversal of the

magnetizing current when no specimen was within the solenoid.

Since oriiycomparative results were required in the sep=ation .

of the two kinds of steel, it was not necessary to determine the

constants of the solenoid or the sensitivity of the galvanometers.

The calibrating resistance was merely adjusted to give conven-

ient deflections,.

Comparative values of the ooercive

of current in the magnetizing solenoid,

force measured in terms

were made as follows.

The reading of the galvanometersupon reversal of one ampere was

noted. Tinecurrent was then simultaneously reversed and reduced

to such a value that the deflection was half the original value,

the value of the reversed current thus determined being propor-

tional to the coe~cive force, By experiments with a number of

tubes, it was found that the coercive force for the tubes of

the S.A.E. 4130X steel was practically always greater than for

the S.A.E. 1025 steel tubes.

As the determination of the coercive force for each tube

is a tedious and time-consuming operation, a modified procedure

was tried. This consisted in alw~s bringing the reduced re–

versed current to the same value, a value intermediate between

those corresponding to the coercive forces for the two kinds of

steel being usedo- Then, if the deflection was more than half

that observed upon reversal of the totsl current, it indicated
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.

.

that the coercive force for the specimens was less than the set

value, and that the material which was being tested was plain .

carbon steel. If the deflection was less than half, a greater --

coercive force was indica~ed, and thus identified the tubing as

chromium-molybdenum steel. This determination could be made

very rapidly, probably much more so than the determination of

the hardness by any method.

After experiments had been made to determine the most suit-

able value for the coercive force current, tests were made on

57 specimens of both types of steel in various sizes and treat-

ments. 52 of the tubes were correctly sorted, indications on

three were uncertain, and two chromium-molybdenum tubes were

classed as plain carbon steel. It was noted that, on the whole,

material in the normalized condition Was the more readily iden-

tified. After being normalized, the five tubes which were ini–

tially separated incorrectly were identified correctly by a sec-

ond test.

From the results of these tests it seems s~e to conclude

that satisfactory differentiation of plain carbon and chromium-

molybdenm steel tubing CSJI be made by a magnetic method based

upon the comparison of coercive force values. The method used

required the insertion of tubes in a solenoid, but it seems

probable that a method could be developed with u electromagnet

small enough to be portable which in operation would need onl.Y

to be placed against the tube to be tested. Further investig~
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tion would be required to determine whether or not this could

be done. In any event, the development of such types of appara-

tus for use on fusela~es was deemed beyond the scope of the pres-

ent survey.

Very promising possibilities exist in the use of the zna.g-

netic method just outlined in providing a rapid and satisfactory

nondestructive differentiation of the two types of steel. The

apparatus might be compactly constructed so as to be portable

md suitable for use not only in the factory but also for in–

spection. The storage battery would constitute the greater part

of the weight of any portable apparatus. An electromagnet,

switch, and gslvanometer would be the remaining essential.re-

quirements, so that the initial.outlay with regard to equipment

should not be overly expensive aside from the time spent in get–

ting it into working condition. —

v. Spark Tests

The importance of this test as an inspection method is slow-

ly coming to be recognized. It has long been known in the shops -

that steels of different carbon content give spark showers of

different appearance when placed against a rapidly revolving

abrasive wheel. Until recently, however, very little has been

done toward introducing this test into the industry. Spark test-

ing is now being used quite extensively in some l~ge plants as

a method for sorting mixed steels. It should not be expected
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to replace chemical analysis but is very useful for the rapid

sorting of mixed steels.

There are two general methods of spark testing..‘In one, a ._

1/4 horsepower medium speed motor with a 6–inch abrasive wheel .-

is used to produce the spark shower. The kind of steel is

judged by the den~ity of the shower, the color, the trajectory,

and the peculiarity of the sparks which follow al.ongthe periph-

ery of the wheel. In the other method, dependence is placed on

the peculiarities of the trajectory of the sparks produced by

small high speed motor. Equipment of the latter type was consid-

ered the more desirable for this study because of the ease with

which it could be used on an assembled fuselage.

There is some controversy as to whether both the chromium

and the molybdenum, of chromium-molybdenum steel, S.A.E. 4130X,

impart peculiar characteristics to the spark stream that can be

detected. Among those who claim a characteristic spark for

chromium is Pitois .(Reference2), who has well stated these

characteristics. According to him, chromium reduces the spark

shower ‘from a steel to a very short, but not dens~, stream;

while a short stream from a carbon steel is always dense. Chro- --

mium steel also produces finer and more sep~zate “carriers” in

—.

the spark stream than carbon steel.

darker than that of the plain carbon

Gat (Reference 2’),and’McCollsIQ

observed a peculiar tip to the spark

The color also appeas

steel shower.

and Hildorf (Reference .3)

stream from steel contain-
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ing-molybdenum. The spark seems to die out and then flare up

again. This was named an ‘Iarrowheadl]by Gat and a IIdetached

spear point’tby McCollam and Hildorf. Because of the greater

ease with which the molybdenum characteristics may be observed,

this was used as the basis of the identification in the spark

tests made on the steel tubes.

Any report on the details of the spark-testing method is

handicapped by the necessity of

scriptions of visual phenomena.

denum spark is distinguished in

depending on orsl or written de-

The ease with which the molyb-

chromium-rnolybdenumsteel makes

the problem of differentiating chromium-molybdenum,from plain

carbon steel a relatively simple one. The characteristic ‘[de-

tached spear point!!imp~ted to the shower by molybdenum is very

easily discerned, that is, it is wide at the base and quickly

tapers to a point, The name “spear point” wa,swell chosen. —

Efforts were made to obtain photographs to reveal the dif-

ferences in the two spark streams,

by no means as satisfactory as was

lustrate the general nature of the

ends of the visible trajectories.

Tb~ photographs obtained are

hoped, but till serve to il.

differences observed at the

They will help to emphasize

that to carry out this method of identification properly, the

eye must be focused on the end of the visible trajectory of the

6P ark’.

Figure 1 is a

ca,rbonsteel. The

photograph of the IIeparkstream!!from plain

tips of the visible trajectory are long and
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thin and taper off at the ends. Figure 2 is a photograph of the

“spark stream‘tfrom chrorfiium-molybdenumsteel. Here it may be

seen that the tips differ from that of the plain carbon steel.

(Fig. 1) in that the tips are short and “stubby” instead of

being long and tapering: These tips appear to the eye to be comp-

letely detached. In the photograph, however, they are connect.

ed to the rest of the visible trajectory by a fine line. This

detracts from the value of photographs as a means of instruction .

for beginners,

Observation reveals that every trajectory has the detached

spear point. The beginner may be slightly confused at first

because the plain carbon tubing will occasionally throw a parti-

cle whose trajectory apparently has a spear point tip. Its Oc-

currence is not frequent and close observation shows that the

IItipll is not detached. The molybdenum and chromium in steel

S.A.E. 4130X apparently serve to ret~d the bursts of sparks.

Because of this, the spark shower of the chromium-molybdenum

tubing has a darker COIOr than the plain carbon tub~g and the.

explosions are fewer and less violent.

The equipment was relatively simple. A small (1/8 horse-

power) motor, weighing about 8 pounds, operating at a shaft

speed of 15,000 r.p.m. was used. AD abrasive wheel of alundum,

1-1/4 inches in di~eter and 3/8 inch thick was mounted on the

. shaft. The wheel had a peripheral speed of about 5000 feet per —

minute. The motor and wheel are shown in the photograph (Fig. 3)
,
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it may be handled is readily seen.

Colored glasses should be worn as constant observation of

the spark streams with the unprotected eye is harmful. An ordi-

nary light cobalt blue glass which transmits between 35 and 40

per cent of sunlight has been used with success al.tho~~hnot

entirely satisfactorily in all respects.

A few preliminary experiments to identify the steels by

means of the spark were made w%th the use of a 6-inch abrasive

wheel and a motor having 2800 z.~,m. This work was done in a
.

very poorly lighted room. The characteristics of the molybdenuii

spark were found to “begreatly “damped!!by this type of wheel.

and the two steels could be separated only with difficulty.

Experiments with the small motor indicated that the molybdenum

spark was readily distinguished from that of the plain carbon

steel, even in a well-lighted room.

A series of tests was then conducted to determine the ease

with which wholly ineq?erienced operators could acquire profi-

ciency, accuracy, and speed in distinguishing between chromiuii-

molybdenum and plain carbon steel by the sp~k testing method.

To this end, nine operators were selected at r~dom from the .-
.

members of the Bureau staff, none of whom had had any previous

experience with the method.

Each operator was first given a smple of both chromium-

molybdenum and plain carbon steel tubing, The ch=acteristic

differences between the two types Of sph-k streams were pointed

.
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out by an experienced operator. After the new operator was sme

he could tell the difference between the two spark strems, he

was given 76 tubes, composition unknown to him, and told to sepa-

rate them into two groups, chromium-molybdenum and plain carbon

steels. This set consisted of 43 specimens of chromium-molyb-

denum ~teel tubing and 33 of plain carbon steel: Approximately

half of each kind of steel was in the normalized condition and

the reiminder &n the cold-drawn condition.

Each operator worked independently and separately from the
●

others and 76 specimens were regarded as a unit “[run.” Fotu!

. runs were made by each operator in order to obtain some idea of

the increase in accuracy and speed as experience was ~quired.

These operators were allowed to,use their standards as much as

they pleased during a run. The results of the tests are summ~

rized in Table IV. Three operators tested the total 304 speci–

mens without making a single error in any of the four runs. .—



. .

!lABU!lIV. Resultsof Testsofl?ineInexperiencedC !ratorsforFourRuns

Fime
tin.

tun4
rims

tin.

.ccurac~

%

94,7

92.1

E.5

93.4

97.4

98.7

100

100

lCQ

~

time
min.
9

35

9

%

10

14

8

7

1.2
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It will be noted from the table that practically all the

opezators required more than 15 minutes to complete the first

run, the average time being about 20 minutes. OR the final run,

on the other hand, six of the operators required .lessthan six

minutes to complete the 76 specimens. ,As a matter of fact,

this speed can be materially inoreased.

A more experienced operator correctly sorted the same 76

specimens in one aqd one.hslf minutes without an error. The rec-

, oralswhich were kept during the runs made by the nine operators

show that there was no psxticul.a,rtendency for an operator to
.

err in one direction. That is to say, of the 41 errors made,

approximately half consisted in designating chromium-molybdenum

steels as plain carbon steel or vice versa. This shows that al-

though the persona equation is a factor, it is not normally an

important one.

When it is considered that eight out of the nine operators

were 100 per cent accwate on the fourth run, there can be no

question concerning the ease with which relatively inexperienced

operators can separate the two types of steel by spark-testing

methods. If a man has been allowed to familiarize himself thor-

oughly with the standards, he should be able to make the last

two runs of four successive ones without an error. Men who err

on the fourth run would, in general, be considered as unsatis- .—

factory for such work.

The damage done to the tubing by this test was very slight.
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An experienced spark tester would leave a barely distinguishable

mark. Figure 4

and three plain

The wheel marks

is a photograph of three chromium-molybdenum

carbon steel tubes identified by the spark test.

will be noted as light spots on the specimens,

showing the scale was removed by the wheel and that was about

all. For this particular test it is not necessary to grind be-

low the decarburized surface. The decarburized surface materi-

ally aids the test in that it serves to emphasize the molybdenum

spark. It is not necessary to grind below the decarburized sm-

face on the plain carbon steel because the character of the tips -

is the distinguishing feature of this test, the nature of the

“burst,“ color of shower, etc., being of only secondsxy impor-

tance.

It may be concluded that the spark-testing method is both

accurate and rapid for the identification of chromium-molybdenum

and plain carbon steels when the two are mixed. It is applica-

ble to both field and factory use, and the test could be applied

to the finished fuselage since the damage done to the steel tub-

ing by this test is negligible. The test is simple and a man

of ordinary intelligence and good vision quickly learns the ineth- —

od. The heat treatment may affect the general character of the

spark stream as a whole but does not affect the characteristic.

feature upon which the identification is based.
.

.
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VI. Chemical Tests

There are a number of qualitative tests applicable to steel

filings or drillings which will detect the presence of small

amounts of molybdenum. A~~ongthe reagents which may be used for

the detection of molybdenum in solution are xanthic acid, pyro-

catechol, diphenyl hydrazine, sodium xmthate, diphenyl caxbo-

zide, tannin, and potassium thiocyanate. All of these indica-

tors will detect about one part of molybdenum per million parts

of solution, thus being about equally effective. Iron and cer-

tain other elements

excepting potassium

test for molybdenum

interfere”in the case of all the indicators

thiocyanate, and ‘mustbe removed before the

is made.

Attempts to distinguish chromium-molybdenum and plain cax-

bon steels by means of chemical llspottests!!were unsuccessfd

because the small quantity of acid used (a few drops) does not

dissolve sufficient molybdenum to permit of satisfactory tests

by the available indicators. -Inasmuch as a spot test would per–

mit identification of the steel without making necessary the re-

moval of filings or tiillings, it should prove highly desirable.

Qualitative tests made u~on portions remcved from the orig-

inal specimen are practically precluded in the present instance.

It would not be feasible to cut out a small section of the tub-

ing for test, even in the tube mill, since such a step would

make necessary the further keeping of records for identification
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of the individual portions taken off, and hence introduce an

added source of possible errors in causing mixups.

The x.anthatetest described by Ma,l.owan(Reference 4) has

alredy found a limited use in practice for the identification

of steels S.A.E. 1025 ,and4130X., However, the potassium thio-

cyanate method appears more promisi~~ in view of the fact that

iron need not be removed from the solution by precipitation and

filtration, prior to testing for molybdenum. The investigation

is being carried further at the Elqreauof S~andards to determine

definitely whether or not a suitable chemical method can be de-

veloped.

VII. Summary

The survey of the possibilities for distinguishing between

plain carbon and chromium-molybdenum steel tubing included the

Herbert pendulum hardness, magnetic, spark, ~d chemic~ tests”

The Herbert pendulum test has the disadvantag=of all hard-

ness tests ,in being limited to factory use and being applicable

only to scale-free, normalized material. The s-malldifference

in the range of hardness values between plain carbon and chroaium-

molybdenum steels is likewise a disadvantage. The Rockwell hard-

ness test, at,present used in the industry for this purpose, is

much more reliable.

“ Idagneticmethods for identification of the two types of

steel appear to offer considerable promise for both field and
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factory use and could probably be economically developed to the

practicsl stage. The material to be separated need not be in

the normalized condition and it is believed that positive identi-

fication could probably be made more rapidly than by methods

based upon hardness.

Unless a chemical spot test can be successfully developed

it is doubtful whether cheinicalmethods would prove adaptable

to the present problem. Even with the development of a reliable,

although somewhat undesirable, method for the identification

of drillings and filings, chemical methods would still have dis-

advantages in the matter of time consumed and damage to the ma–

terial tested.

It may be concluded on the basis of the experiments per-

formed that of all the methods surveyed, spark testing appears

to be, at present, the most suitable for factory use from the

standpoint of speed, accuracy, nondestructiveness and reliabil-

ity. It is also applicable for field use.

Bureau of Standards,

September 5, 1930.

,.,



*

.
N.A.C.A..Technical Note No. 350

VIII..

Reference 1. Knerr, H..C.

Reference 2. Pitois, E.
and

Gat, J.D,..

Reference 3. Hildorf, W. G..
and

McCollam, C. H.

Reference 4. MaIowan, S. L..

,
Anonymous

Berznann,M..

Bibliography

:

●

✎

✚

✎

●

●

9

,
●

de Forest, A.-V. :

Drier, R..W. :

de Manson, :
Jacques

Demozay, M. :

Enos, G. M.. :

.

25

Identification of Aircraft Tub-
ing by Rockwell Test. N.A.C.A.
Technical Note No. 342, 1930..

Sparking of Steel., Chem. Pub,,
1929.

Practical Aspects of Spark
Testing.
1929.

~ber den Art- u~d Mengemach-
weis des ldolybdsnsim Stahl’
und Eisen, Z. emorg. allgem.
Chem., ~, p.73, 1919.

Classification des fers et
aciers par l’observation de
leurs &tincelles, Gdnie civil,
3, P*ll?’,1907.

Die Funken als Erkennungszeichen
der Stahlsorten, 2. Ver. deut.
Ing., 53, p.171, p.1457, 1909.—

A New Method of Magnetic Inspec-
tion. Proc. Am. Soc..Testing
Materials, 23, p.611, 1923.

Photo-Electric Metallurgy. Ind.
Eng. Chem., 22, p.153, 1930.

Traitd du fer et de l’acier,
Paris, 290 pp., 1804...

Essai sur un mode de classement
des aciers. Rev. Me’tal., ~,
p.513, 1904.

Notes on the Spark Testing of
Steel...Tzans. Am. Sot. Steel
Treating, 12, p.976, 1927.

.

.



●

. N.A.C.A. Technical Note No. 350 26

Hildorf, W. G.
and

McCollam, C. H.

Johnson, L. W.

Keller, J. F.

Knerr, H. C.

Knerr, H. C.

Knerr, H. C.

Maag, O. L.
and

McCollam, C. H.

Pitois, E.

Pitois, E.

Poum&el, M. A.

Pruess, E.
Berndt, G.
Schwarz, M, V. and
Rimbachj R,

●

☛

✚

✎

✎

☛

✌

✎

●

✚

✎

●

✎

●

Q
●

*
.

.
●

Metal Pellets, Produced by Spark
Tests, Used to Identify Alloy
Steels. Iron Age, 126, p.1, 1930.

The Inspection of Metals and Their
Alloys. Automobile Eng., I_9,
p.511, 1929.

Lectures on Steel and Its Treatment.
Evangelical Press, Cleveland, Ohio,
1928.

How to Identify Nickel and Other
Steels at the Bins. Automotive
Ind., 49, p.1253, 1923.

Inspection of Aircraft Tubing.
Aero Digest, 12, p.818, 1928;
Iron Agej 121, p.201, 1928.

Aircraft Metallurgy. TrWs. Am.
Sot. Steel Treating, 13, p.723,
1928; Aviation Eng., ~ p.?, 1928;
Aviation Eng., ~, P.20, 1928.

Rapid Determination of Molybdenum
in Steel. Ind. Eng. Chem., 1.7,
p.524, 1925.

Differen&iation des aciers par
liexamen des dtincelles de meulage
clansltair et clanslloxyg&e.
Compt. Rend., ~, p.942, 1924.

Apercu sur ltessai aux <tincelles.
Bull. Technique Bur. Veritas, Q,
p.151, 1926.

L{ah~y~e des aciers <llaide des
e’tincelles. Rev. i%tal., ~, p.132,
1910.

Metallography Simplified for Prac-
tical Use in the Shop. Iron TXadez
Rev., 85, p.296, 1929.



.

●

N.A.C.A. Technical I?oteNo.

Rockwell, S. P. :

Ross, C. J. :

Shore, A. :

Svehla, G. *.

l~~agner,h-.W. :

~~o 27

Spaxk Test~ for Steel. Machinery
(N.Y.), 23, p.779, 1923.

Inspection Methods. Txans. SOC.
Auto. Eng., 20, p.645, 1925.

The Spark Method for Grading Steels.
Am. Machinest, 30, Part II, p.219,
1907.

In@ection of Aircraft Metals.
Aero Digest, 16, p.75, 19309

Spark.Test Determines Metal Charac-
teristics. Abrasive Ind., Q, p.29,
1930.

.

s

,

.



, . . . .



1

.4------ . . . ..-. --—--- —.-. . . . . . ---- -

Fig.3Motorandgrindingwheelusedfor
the‘lsparktestsfl.

Fig.4Threechromium-molbdenumtubesand
threeplaincarbonsteeltubes

identifiedbythe ‘tsparktesttimethorl,x1.
The veryslight’&amsgecloneby thewheel
1s indicatedby thelightspoton each
specimen. I
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